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Abstract We have established a SYBR Green-based real-
time PCR method using AnyDirect solution, which enhances
PCR from whole blood, for direct amplification of the vird
gene of Shigella flexneri and the invA gene of Salmonella
typhimurium from human feces without prior DNA purification.
When we compared the efficiency of conventional or real-
time PCR amplification of the vir4 and inv4 genes from the
supernatant of boiled feces supplemented with S. flexneri and
S. typhimurium in the presence or absence of AnyDirect
solution, amplification products were detected only in reactions
to which AnyDirect solution had been added. The detection
limit of real-time PCR was 1x10* CFU/g feces for S. flexneri
and 2x10* CFU/g feces for S. typhimurium; this sensitivity
level was comparable to other studies. Our real-time PCR
assay with AnyDirect solution is simple, rapid, sensitive, and
specific, and allows simultaneous detection of S. flexneri and
S. typhimurium directly from fecal samples without prior
DNA purification.
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Shigella and Salmonella infections are generally diagnosed
by isolation and identification of the organisms from
fecal cultures. Culture methods are precise, but relatively
efficient, time-consuming, and labor intensive. Polymerase
chain reaction (PCR), an alternative approach, may avoid
these problems and has proved to be an invaluable method
for rapid detection of Shigella [4, 7, 8, 15] and Salmonella
[3, 10, 11, 16, 23]; however, DNA purification is usually
unavoidable in order to perform the PCR. Direct PCR
without DNA purification is a more rapid and simple
approach in which the untreated sample is used directly as
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a PCR template, thus eliminating the steps of cell recovery
and DNA extraction. Direct PCR has been used with
bacterial colonies [6, 19, 26], intact cultured bacterial cells
[9], yeast colonies [12, 20], and animals [5].

However, direct PCR amplification of DNA from clinical
specimens, such as blood and feces, is inefficient and difficult
because of the presence of numerous PCR inhibitors including
hemin [1], immunoglobulin G [2], anticoagulants [21], bile
salts [23], and complex polysaccharides [13]. Purification
of template DNA was therefore essential to eliminate PCR
inhibitors from clinical samples; and this is a time-consuming
and labor-intensive process when a large number of samples
need to be analyzed.

Recently, Yang et al. [24] developed a novel PCR reaction
buffer, called AnyDirect solution (Bioquest, Seoul, Korea),
which effectively enhanced PCR from whole blood without
prior DNA isolation. In the present study, we evaluated the
usefulness of this PCR solution for direct amplification of
the vird gene of Shigella flexneri and the invA gene of
Salmonella typhimurium from human feces by SYBR
Green-based real-time PCR without prior DNA purification.

MATERIALS AND METHODS

Bacterial Strains and Fecal Samples
Shigella flexneri (KCCM 40948) and Salmonella typhimurium
(KCCM 40253) were obtained from the Korean Culture
Center of Microorganisms (KCCM). S. flexneri and S.
typhimurium were grown on blood agar plates at 37°C
for 24 h. A portion of one colony was suspended in 0.5 ml
of phosphate-buffered saline (PBS), and the number of
colony-forming units (CFU) in the suspension was determined
by culturing on a blood agar plate for 18 h at 37°C. Suspensions
were diluted with PBS and used to spike fecal samples.
Feces used for the sensitivity assay (PCR amplification by
spiking) were negative for S. flexneri and S. typhimurium,
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shown by culture. Informed consent for the use of feces
was obtained from participants. Feces were suspended
in 10 times volumes (v/w) of PBS and crushed by
vortexing. Spiked fecal samples were prepared by mixing
the fecal suspension and the appropriately diluted
suspension of S. flexneri or S. typhimurium in PBS. After
heating at 100°C for 5 min, the mixture was centrifuged

at 8,000 xg for 5 min, and the supernatant was used for
PCR.

PCR Primers

Primers used to detect the vird gene in S. flexneri were
developed by Villalobo and Torres [22], and a 215-bp
fragment was amplified. Primers used to detect the inv4
gene in S. typhimurium were previously published by Rahn
et al. [17], and a 284-bp fragment was amplified.

Conventional PCR Conditions

Conventional PCR was done in a 20-ul mixture containing
serially diluted fecal samples, 1x conventional PCR buffer
(10 mM Tris-HCI, pH 8.3, 50 mM KClI, 1.5 mM MgCl,) or
AnyDirect solution (Bioquest, Seoul, Korea), 0.5 pM each
of primers, 0.2 mM each of dNTP, and 1 unit of 7ag DNA
polymerase (Bioquest, Seoul, Korea). PCR was performed
in a thermal cycler (Clemens, Germany) preheated to 95°C.
The cycling conditions were initial denaturation for 7 min
at 95°C, followed by 40 cycles of 40's at 95°C, 40 s at
55°C, 40 s at 72°C, and an additional 10 min at 72°C for
final elongation. After the reaction, the PCR mixture (10 ul)
was electrophoresed on a 2% agarose gel and stained with
ethidium bromide.

Real-Time PCR Conditions

Real-time PCR was performed and analyzed with a Rotor-
Gene 6000 system (Corbett Research, Sydney, Australia).
The reaction mixtures (20 pl) consisted of serially diluted
fecal samples, a 1:75,000 dilution of SYBR Green I
(Molecular Probes, Eugene, OR, U.S.A.), 1x conventional
PCR buffer or AnyDirect solution (Bioquest, Seoul,
Korea), 0.25 uM each of primers, 0.2 mM each of dNTP,
and 1unit of 7ag DNA polymerase (Bioquest, Seoul,
Korea). Amplification involved initial denaturation at 95°C
for 5 min followed by 40 cycles of denaturation at 95°C for
30 s, primer annealing at 55°C for 40 s, and extension at
72°C for 30 s. Fluorescence data were acquired at 72°C
during each cycle. To determine the specificity of PCR
reactions, melt curve analysis was carried out after
amplification by slow heating from 72 to 95°C, with
fluorescence acquisition at 1°C intervals and a 5-s hold at
each increment.

Duplex real-time PCR was performed under the same
conditions as above, using fecal samples containing equal
amounts of S. flexneri and S. typhimurium appropriately
diluted with PBS.

RESULTS

Conventional PCR Detection of S. flexneri from Fecal
Samples

To determine whether AnyDirect solution can effectively
enhance PCR from feces without DNA purification, we
compared the efficiency of conventional PCR amplification
of the Shigella-specific vird gene in the absence and presence
of AnyDirect solution using spiked fecal samples. The
effect of adding AnyDirect solution to the PCR mix of
fecal samples for S. flexneri is shown in Fig,. 1.

When S. flexneri was serially diluted in PBS and each
dilution was used as a PCR template in the absence and
presence of AnyDirect solution, a 215-bp PCR product
was formed in every tube (Fig. 1A). However, when boiled
feces (final 1.0% in the PCR mixture) spiked with S. flexneri
were used as a PCR template, PCR with conventional
buffer failed to amplify the vird fragment (215 bp) from
any samples, indicating that there were residual PCR
inhibitors in the boiled feces (Fig. 1B, lanes 1 to 8). In
contrast, however, amplification products were detected in
reactions to which AnyDirect solution had been added,
showing that AnyDirect solution effectively suppressed
the residual inhibitors in boiled feces (Fig. 1B, lanes 9 to
16). The minimum number of cells necessary for detection
of S. flexneri by PCR in fecal samples was 1x10> CFU/ml
in the presence of AnyDirect solution; therefore, the
detection limit is about 1x10* CFU/g feces. When the final
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Fig. 1. PCR amplification of vir4 gene fragment (215 bp) with
conventional buffer (lanes 1 to 8) or with AnyDirect solution
(lanes 9 to 16) from PBS containing S. flexneri (A) or from feces
(1.0% final in the PCR mixture) spiked with S. flexneri (B): lane
M, size marker (100-bp ladder); lanes 1 and 9=6.4x10° CFU/ml
was present in the PCR mixture; lanes 2 and 10=3.2x10° CFU/
ml; lanes 3 and 11=1.6x10¢* CFU/ml; lanes 4 and 12=8x10? CFU/
ml; lanes 5 and 13=4x10> CFU/ml; lanes 6 and 14=2x10> CFU/
ml; lanes 7 and 15=1x10* CEFU/ml; lanes 8 and 16=5x10' CFU/
ml.
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feces concentration in the PCR mixture was increased to
1.5%, the minimum number of cells required to detect
S. flexneri in fecal samples was 4x10° CFU/ml with a
detection limit of 2.7x10* CFU/g feces (data not shown).
Therefore, a final concentration of 1.0% feces in the PCR
mixture produced the best results, and this concentration
was used for real-time PCR assays.

Real-Time PCR Detection of S. flexneri and .
typhimurium from Fecal Samples

The SYBR Green-based real-time PCR assay was then
used to detect and quantify S. flexneri in fecal samples
spiked with various concentrations of target bacteria.
When we used spiked fecal samples directly without DNA
purification in real-time PCR, amplification products
were detected only in reactions to which AnyDirect
solution had been added (data not shown). The final
fecal concentration in the real-time PCR mixture was
1.0%, and feces did not interfere with fluorescence
detection at this concentration.

Fig. 2A shows PCR quantification plots for amplification
of the vird fragment from spiked fecal samples in the
presence of AnyDirect solution. Fig. 2C show the linearity
of the standard curves and sensitivity of the real-time PCR
assays when serially diluted spiked fecal samples were
used as template. Similar to conventional PCR, the detection
limit was around 1x10* CFU/g feces. Melt curve analysis
was carried out in conjunction with each real-time PCR
assay to distinguish the fluorescence signal from the specific
amplification product from that of nonspecific products.
The sharp, single peak in the Fig. 2B indicates that no
nonspecific products were formed in the reaction. To
verify the melt curve data, the PCR product was assayed
by gel electrophoresis, which showed no additional bands
as in conventional PCR (data not shown). We performed
two additional separate replicate real-time PCR experiments
and obtained similar results (data not shown).

To confirm that this SYBR Green-based real-time PCR
assay with AnyDirect solution is useful for detection of
other bacteria, we applied this assay to the detection and
quantification of S. typhimurium in fecal samples spiked
with various concentrations of target bacteria. Fig. 3 shows
PCR quantification plots for the amplification of the
Salmonella-specific inv4 fragment from fecal samples in
the presence of AnyDirect solution (Fig. 3A), the linearity
of the standard curves (Fig. 3C) and melt curve analysis
(Fig. 3B). The quantification plot and melt curve analysis
indicate that the desired PCR product was efficiently
amplified in the reaction. To verify the single peak in
the melt curve data (T,=87°C), the PCR product was
assayed by gel electrophoresis, which revealed only the
desired 284-bp band (data not shown). When the final
fecal concentration in the PCR mixture was 1.0%,
the minimum number of cells required to detect S.

typhimurium was 2x10> CFU/ml with a detection limit of
around 2.0x10* CFU/g feces.
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Fig. 2. Real-time PCR amplification of the vir4 gene fragment
from fecal samples spiked with S. flexneri in the presence of
AnyDirect Solution.

(A) Amplification profiles and (B) Melting curve analysis: 4x10° CFU/ml
was present in the PCR mixture (@); 4x10* CFU/ml (O); 4x10° CFU/ml
(¥); 4x10° CFU/ml (¥); 1x10° CFU/m] (M). C. Generation of standard
curve from the data plotted in panel A. The threshold ¢ycles (Cqs) were
plotted against the CFU/g feces. The straight line that is calculated by
linear regression shows a square regression coefficient (R%) of 0.992.
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Fig. 3. Real-time PCR amplification of the inv4 gene fragment
from fecal samples spiked with S. syphimurium in the presence of
AnyDirect Solution.

(A) Amplification profiles and (B) Melting curve analysis: 4x10° CFU/ml
was present in the 20-ul PCR mixture (@); 4x10° CFU/ml (O);
4x10° CFU/ml (), 4x10°CFU/ml (v); 2x10° CFU/ml (m). C.
Generation of standard curve from the data plotted in panel A (R’=0.996).

Simultaneous Detection of S. flexneri and S. typhimurium
in Fecal Samples by Duplex Real-Time PCR

Finally, a duplex SYBR Green-based real-time PCR assay was
used to simultaneously detect S. flexneri and S. fyphimurium
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Fig. 4. Melting curve analysis of duplex real-time PCR
amplification.

The vird and inv4 gene fragments were amplified simultaneously from
fecal samples spiked with equal amounts of S. flexneri and S. typhimurium
in the presence of AnyDirect Solution. 4x10° CFU/ml was present in the
20-ul PCR mixture (@); 4x10° CFU/ml (O); 4x10° CFU/ml (),
2x10* CFU/ml (V); 1x107 CFU/ml (M). T, ;s were resolvable between the
two products; T,, was 82°C and 87°C for vird and invA, respectively. Gel
analysis of the amplification product in 2% agarose is displayed in the
inset. Specific products are visible at 215 bp and 284 bp for each dilution.

in fecal samples spiked with various concentrations of target
bacteria in the presence of AnyDirect solution. PCR products
corresponding to Shigella-specific vird (215 bp, T,,=82°C) and
Salmonella-specific invA (284 bp, T, = 87°C) were observed,
and the curve analysis of the two T, peaks, corresponding to
the two PCR products in the same reaction tube, revealed
that they were distinguishable from each other (Fig. 4).
Fluorescence from SYBR Green binding to primer-dimers
was not a problem, because of the low T,,, which was
several degrees (>5°C) below that of the specific products.
This demonstrates that target sequences of these two genes
from S. flexneri and S. typhimurium could simultaneously
be amplified and detected by our direct duplex real-time
PCR assay. The minimum number of cells necessary for
simultaneous detection of S. flexweri and S. typhinnrium from
fecal samples was 1x10° and 2x10” CFU/ml, respectively.

Di1SCUSSION

DNA purification, which is often a pretreatment for
PCR, is laborious and impractical for routine procedures.
PCR performed directly on clinical samples after a simple
pretreatment is preferred because of time saving, convenience,
cost, safety for sample handiers to avoid infection, and
possible automation for large-scale diagnosis.

Boiling of feces is a very simple pretreatment to release
bacterial genomic DNA and to inactivate nucleolytic enzymes,
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but is not useful for direct PCR because inhibitors of PCR
still remain. However, in the present study, we showed that
AnyDirect solution effectively suppressed the residual
inhibitors in boiled feces, and conventional and real-time
PCR were performed successfully in the presence of
AnyDirect solution directly using fecal samples without
prior DNA purification.

The sensitivity level achieved in this study was comparable
to other studies. Okamoto et al. [14] reported direct
detection of E. coli O157 from heated feces by conventional
PCR with an estimated detection limit of about 3x
10* CFU/g feces. Yavzori et al. [25] reported a detection
level of 10* Shigella CFU/g feces, whereas Rychlik ez al.
[18] reported a detection level of 10° Salmonella CFU/g
feces by nested PCR. The detection limit of our real-time
PCR was around 1x10* CFU/g feces for Shigella detection
and 2x10* CFU/g feces for Salmonella detection.

Conventional PCR methods require amplification in a
thermocycler and product separation by gel electrophoresis,
which increases the time required to obtain results and,
more importantly, the risk of contamination. These limitations
have led to the development of real-time PCR assays,
which avoid the need for post-amplification procedures
and reduce the risk of carryover contamination. In addition,
real-time PCR can also quantify PCR products with
greater reproducibility. However, the efficiency of the real-
time PCR is crucial to obtaining reliable quantitative data.
In our direct real-time PCR method, successful and efficient
real-time PCR required only AnyDirect solution in the
PCR mixture,

In conclusion, our direct real-time PCR assay is simple,
rapid, sensitive, and specific, and allows simultaneous
detection of Shigella and Salmonella directly from fecal
samples without prior DNA purification. The rapidity
of our real-time PCR method also makes it convenient
to be used in clinical laboratories for diagnosing Shigella
and Salmonella infections, and the method could be
applicable to detection of other bacteria in fecal samples
as well.
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